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@ Process for preparing potyacrylamide gel plate for electrophoresis. 


@ A process for preparing a polyacrylamide gel 
plate for electrophoresis with any desired con- 
centrations, which oomprises mixing a high 
concentration acrylamlde mononner edutton 
(C), a tow concentration peroxide solution (>^, 
and a tow concentration reducing solution (B) 
at an arbHrary ratio, and introducing the mixt- 
ure Into a gel supporter. The process enables i-h 
preparation of a large quantity of high quality 
pdyacrylamkJe gel plates for electrophoresis 
which is useful for analysis of high molecular bO 
weight in vivo components typified by pit>teins 
wtth a good reprodudbSlty. It also contributes 
to the production of various gels having a (x* 
plurality of gel concentrations or having a 
specified concentration gradient, and serves fbr 
improving the productivity of multi-products 
manufacturing of such gel plates. 
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BACKGROUND OF THE INVENTION 
Field of the Inv ntion: 

5 The present invention relates to a process for preparing a polyacrylaniide get plate for use in electrophor- 

esis, and. nnore particularly, to a process for preparing a large quantity of polyacrylamide gel plates which are 
especially suitable for electrophoresis analysis of in vivo components with a high molecular weight, such as 
proteins and the like. 

10 Description of the Background Art 

Polyacrylamide gels have widely been used for electrophoresis analysis of //i vrvo components with a high 
molecular weight e.g.. protein, nuclek; acid, and the like. Usually, these polyacrylamide gels are prepared by 
cross-linking polymerization of a monomer and a cross-linking agent; i.e., by adding a polymerization initiator 

15 to a 2-40% by weight aqueous solution comprising a monomer such as acrylamides and a divalent or polyvalent 
cross-linking agent such as N,N'-methytenebisacrylamide (such a solutton is hereinafter sometimes referred 
to as an "acrylamide monomer eolutton*^. 

As an initiation method of polymerizatk>n, either a combinatton of a peroxide and a reducing agent, or a 
combination of a peroxide, a reducing agent, a photosensitation agent and exciting ray, while the reducing agent 

20 is not necessarily used, may be used. For the latter photopolymerization method, although some methods are 
proposed, in which the polymerization does not take place before the light Irradlatton, even after a polymeri- 
zation initiator added (e.g., Japanese Patent Laid-open (kokai) No. 91849/1987), the photopolymerizatk>n 
method basicaDy involves many technical problems for obtaining stable gel products with a good reproducibil- 
ity. The problems are found in difficulties in controlltng the polymerization reaction such as shading of the re- 

25 action liquid for gel formation, selectton of irradiatton conditions for producing gel, and occurrence of continued 
pdymerfzatton in the presence of light even after the completion of gel formation. Forthese reasons, the former 
chemical polymerization method, whk:h adopts a combination of a penudde and a reducing agent. Is preferred 
owing to its comparatively easy handling of the reactton liquid and capability of controlling the reaction to some 
extent by adjusting the amount of the catalyst used. 

30 In the chemical polymerizatk)n method, however, since the gel reaction takes place invnediately after the 

addition of the polymerization initiator to the monomer solution, giving rise to a viscosity increase of the solutk>n 
and to gelatinizatkMi of the ntbcture. It is necessary to prepare a mononrter solution and a pdymertzation initiator 
solution separately and mix them just before the start of the gel forming process. This separate addition of a 
peroxide solution and a reducing solution to the monomer solution inevitat>ly requires complicated steps. On 

35 the other hand, if these two solutions are mixed together beforehand, the catalyst acth^ty wli change as the 
time passes, making It difficult to stably obtain high quality gels. 

Furthermore, since a molecular sieve effect of a polyacrylamide get varies depending on the gel concerv 
trations, various products with different gel concentrations are required conforming to molecular weights or the 
like of the components to be separated or analyzed. Conventionally, this requirement for polyacrylamide gels 

40 has been fulf Bled by preparing a nrwnomer solution having a specif te gel concentration, whteh corresponds to 
the subject to be separated for analysis, then adding a polymerization initiator to the solution and introducing 
the mixture Into or spreading it over a gel-supporter This necessitates to prepare many gel-forming solutions 
with different concentrations when the subjects to be analyzed contain a numt>er of components. In addition, 
preparation of a get with a concentration gradient suitable for the analysis of a subject comprising a wide mo- 

45 lecular weight distribution Is implemented by providing two monomer sduttons with different concentrattons, 
one a low concentration and the other a high concentration, and adding a polymerization initiator to the solu- 
tions. The solutions are then introduced into or spread over a gel-supporter by using a gradient forming unit 
in order to obtain a number of gels with different concentration gradients, it is nec^sary, in the same manner 
as in the preparation of a series of gels with a specified concentration, to prepare beforehand various monomer 

so solutions with different concentrations corresponding to the required gradients, and to appropriately combine 
these solutions. Furthermore, in order to prepare a stable gel, the amount of the polyn>erization Initiator must 
be adjusted appropriately so that not too lass or not too much of It is incorporated relative to the concentration 
of the nfK>nomer solution to be used. 

As noted above, stable supply of high quality polyacrylamMe gels in large quantities has b en diff teult to 
55 achieve by conventi nal preparation methods which involv rath r complicated manufacturing steps and re- 
quire sophisticated skills. 

An object of the present invention is, therefore, to provid an easy production process which can prepare 
a large quantity of various kinds of high quality and stable acqueou polyacrylamide g Is, having a high re- 
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s Iving power and any d sired concentrations or concentration gradients, with a good reproducibility, and 
which does not involv the pr btem of changes in the polymerization initiator activity before b ing introduced 
into a gel-support r r does not require to prepare many monom r soluti ns r many poiymerization Initiator 
solutions of different concentrations beforehand. 

5 In view of this situation, the present Inventors have undertal^en Intensive studies to solve the aforemen- 

tioned problems, and found that a high quality gel with a desired concentration can constantly and easily be 
prepared with a good reproducibility and without any changes in the catalyst activity using an optimum amount 
of a polymerization initiator, by simply preparing one monomer solution with a high concentration, one peroxide 
solution with a low concentration, and one reducing solution with a low concentration, and mixing them at an 

10 appropriate ratio prior to use. These findings have led to the completion of the present invention. 

SUMMARY OF THE INVEI^ON 

Accordingly, an object of this Invention is to provide a process for preparing a polyacryiamide gel plate for 
15 electrophoresis with a desired concentration which comprises mixing an acrytamlde nfK>nomer solution with a 
high concentration, a peroxide solution with a tow concentration, and a reducing agent solution with a low con- 
centration, at an arbitrary ratio, and introducing the mixture into a gel-supporter. 

In a preferred enr^odiment the concentration of said acrylamide monomer solution is in the range of 20- 
50% by weight and the concentrations of said peroxide solution and reducing agent solution are respectively 
20 0.005-1.0% by weight; and said arbitrary concentration is in the range of 2-50 w/v%. 

Another object of the present Invention is to provide a process for preparing said polyacryiamide gel plats 
for electrophoresis in which the mbcing of said acrylamide nnonomer solution, peroxide solution, and reducing 
agent solution are implemented simultaneously, using or not using a computer control system. 

StDI another object of the present invention is provide a process for preparing said polyacryiamide gel plate 
25 for electrophoresis in which said polyacryiamide gel has a plurality of concentrations or a concentration grB- 
dient 

Other objects, features and advantages of the invention will hereinafter become more readily apparent 
from the following description. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the outiine of a preferred embodiment of the process of the present invention. 

Figure 2 shows an example of a mbcing pattern of the three solutions of the present invention; peroxide 
solution (A), reducing agent solution (B), and high concentration monomer solution (C), wherein the concen- 
ts trations are changed stepwise. 

Figure 3 shows an example of a mbdng pattern of the three solutions of the present Invention; peroxide 
solution (A), reducing agent solution (B), and high concentration monomer solution (C), wherein the concen- 
trations are continuously changed. 

Figure 4 shows a liquid-transfer pattern of peroxide solution (A1), reducing agent solution (A2), and high 
40 concentration monomer solution (A3) employed In Exantple 2. 

Figure 5 shows a liquid-transfer pattern of peroxide solution (A1). reducing solution (A2), and high con- 
centration monomer solution (A3) employed in Example 2. 

Figure 6 shows a liquid-transfer pattern of peroxide solution (A1), reducing agent solution (A2). and high 
concentration nranomer solution (A3) employed in Example 2. 
45 Figure 7 shows an electrophoresis Image of the gel plate obtained by the liquid-transfer according to the 
pattern Indicated in Figure 4. 

Figure 6 shows an electrophoresis image of the gel plate obtained by the liquid-transfer pattern indicated 
in F^ure 5. 

Figure 9 shows an electrophoresis Image of the gel plate obtained by the liquid-transfer according to the 
50 pattern indicated In Figure 6. 

DETAILED DESCRIPTION OF THE INVEmiON AND PREFERRED EMBODIMENTS 

In the practice of the pres nt invention, the solutions to be prepared beforehand are only itme idnds; one 
55 acryiamid m n mer solution with a high concentration, on peroxld soluti n with a low concentration, and 
on reducing agent solution with a low concentration. There is no need to prepare many kinds of monomer 
soluti nsbef re hand. It is possible t prepare a large am untofthese solutions at a tim and use it ith r con- 
tinually or recurrently whenev r required by talcing out a small amount of these solutions. 
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Th high cone ntration acrylamid m n m rsoluti nusedinth pr sentinv ntion contains an acrytamide 
monomer and a cross-linking ag nt, and as required, an ani nic surface activ agent as a modifier, a pH k>uf- 
fering ag nt, and the like. 

Examples f acrylamid nnonomers include acrylamide homologu s such as acrylamkle, N-methylacry- 
lamide, N,N*-dimethytacrylamide, N-(hydroxymethyl)acrylamtde, diacetoneacrylamide, and the like; metha- 
crylamkSe; and the like. These compounds can t>e used IndlvkJually or in combinatton of two or more. Among 
these compounds, acrylamide is preferred, and the combined use of acrylamide with one or more of other 
acrylamide nfK>nomer8 is also possible. 

As a cross-linking agent, any compounds which possess divalent, trivalent more cross-linking function 
can be used. Specific examples of the divalent compounds are N,N -methylenebisacrytamide (BIS), N,N -pro- 
pylenebisacrylamide, diacrylamide dimethyl ether, piperazine diacryiamide, and the like. Of these cross- 
linking agents, BiS is preferred. One or more of these cross-linking agents can t>e used togetherin combinatmn. 

As an anbnic surface active agent, alkyi sulfates, particularly those containing a long chain alkyi group 
with more than 10 cart)on atoms are preferable. The most preferred is sodium dodecyl sulfate (SDS). 

Various types of pH buffering agents can be found by reference to 'Chemistry (Handbook - Fundanrtentat 
Parr (edited by The Chemical Society of Japan) and the like. Enumerated as specific examples are 
Tr1s(hydroxymethyl)aminomethane (Tris), N,N*-bi8(2-hydroxyethyl)glycine, sodium N-2-hydroxyplperazine-N'- 
2-hydroxypropane-3-sulfonate, as welt as any acids, alkalis, or salts used, as required, in combination with one 
of these compounds. Tris-hydrochloride buffer (pH 7.0-9.2) is an example of such a buffering agent which is 
most popularly used. 

The ooncentratk)n of the acrytamide nrranomer solution, in terms of the sum of acrylamkje mononners and 
cross-linking agents contained, used in the present inventk>n is preferably higher than the concentratk>n usually 
required, for example, 10-98% by weight, and more preferably 20-50% by weight The amount of the cross- 
linking agent is preferably in the range of 1-30% by weight, with the particularly preferable range being 2-10% 
by weight, based on the total amount of the monomer and the cross-linking agent 

PreparattonoftheacrylamkJe nwnomer solution may be implemented by dissolving or dispersing the afore- 
mentioned components into water or a mbced solutton of water and an organic solvent 

The peroxide compound to be used in the present Inventton may t>e any peroxides disclosed In known ref- 
erences on electrophoresis ('Bectrophoresis - Fundamentals and Experinrmnts', edited by l-l. Terada. and the 
like.) and includes amnrwnlum peroxodisutfete, an alkali ntetal peroxodisutfete, and the like. 

The concentration of the peroxkie solution must be low. for example, 0.001-5.0% by weight, or more pre- 
ferably 0.005-1.0% by weight from the aspect of its functions as a diluent for the PDonomer solution and as a 
polymerizatton Initiator. Preparation of the peroxide solution nr^y be implemented by dissolving or dispersing 
said peroxide and. as required, anionic surface active agents, pH buffering agents, and the tike into water or 
a mbced solution of water and an organic solvent 

The reducing agents to be used in the present invention may be amine compounds disclosed in known 
references on electrophoresis fElectrophoresIs - Fundamentals and Experiments", edited by H. Terada, and 
the like.). Specif ic examples include N.N.N'.N*-tetramethyiethylenedlamlne(TEI^ED). N,N*-dimethylethylene- 
diamine, 3-dimethylamino-n-propylamine, S-d&Tiethylaminoproptonitriie, N-n-butyldimethylamlne, N,N'-dlme- 
thylpiperazine, and the tike. 

The concentration of the reducing agent solution must be low. for example. 0.001 -5.0% by weight and more 
preferably 0.005-1 .0% by weight from the aspect of its functions as a diluent for the monomer solution and as 
a polymerization initiator Preparation of the reducing agent solution may be Implemented by dissolving or dis- 
persing said reducing agent and, as required, anionk: surfece active agents, pH buffering agents, and the like 
into water or a mbced solution of water and an organic solvent 

When preparing a mixed solution of any desired gel concentration by mbdng these three solutions, namely 
a high concentration acrylamide monomer solution, a low concentration peroxide solution, and a low concen- 
tration reducing solution, which have been separately prepared beforehand, it is desirable to mix and stir these 
three solutions at a time in order to avoid the occurrence of reactions between peroxides and reducing agents. 
The term "any desired gel concentration" herein means that the concentration of the acrylamide monomer and 
the crosslinking agent contained in the gel can arbitrarily be controlled. Usually, the gel concentration is ad- 
justed in the range of 2-50 w/v%. The introduction of the mixed solution to a gel-supporter can be performed 
by transferring the solution or spreading it over the gel-supporter. As the gel-supporter, any known support 
material which is conventionally used, such as a glass tube, a glass plate, an organks polymer, r the like, can 
be mpl yed. 

A preferable xampi of the process of mbdng these three solutions and Introducing it into the gel-sup- 
porter is present d in Figure 1. The three solutions, p roxid solution (A), reducing agent solution (B). and 
monomer solution (C), are transferred respectively by pumps (P), and stirred and mbced by a mbcer (M) and 
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introduced into the gel-supporter. In this process, any target soluti ns having a desired gel cone ntration can 
b prepared by adjusting th flow ratio of the pumps by which th thre solutions are transferr d. In addition, 
if the flow ratio of th pumps is designed to be conlrolted by a computer (PC) via a controller (CB), th gel 
concentrations of the solution can be changed stepwise as shown in Figure 2, or It is possible to form a corv 
5 centration gradient easily by changing the flow ratio continuously as shown in Figure 3. 

The electrophoresis gel plates prepared by this invention are desired to be substantially colorless and 
transparent for making it easy to detect and read the electrophoresis images. 

The electrophoresis gel plates prepared by this invention can be applied to horizontal or vertical electro- 
phoresis, and the like, according to a known method disclosed in the atbrennentioned literature, patent ap(^»- 
10 cations, and the like. 

Other features of the invention will become apparent in the course of the following description of the ex- 
emplary embodiments which are given for illustration of the invention and are not intended to be limiting thereof. 

EXAMPLES 

15 

Example 1 

Gel-forming Solutions A (A1-A3) of the present invention and Comparative Solutions B, consisting of Sok 
utton (B1) which is a mixture of a peroxide and a reducing agent and Solution (B2) which is a mbcture of acryl- 

20 amide and a cross-linking agent were prepared using the formulations given in Table 1. These scdutions were 
degassed to adjust the content of dissoked oxygen and stored at A^'C under a helium atnK>sphere. After certain 
periods of time specified in Table 2. each solution was taken out and mbced together at 4^C with a specified 
ratio to obtain solutions of the same gel-content After m being, the time required for each sdutton to began to 
gelatinize, i.e, the pertod of time required for the temperature of the solution to t>egan to rise by the exoth^mic 

25 reaction (hereinafter referred to as "Gelatinized Time"), was nieasured and determined as given in Table Z 
The Gelatinized Time for Solution A showed a constant value Irrespective of the time elapsed, whereas 
that for Solutions B varied depending on the elapsed periods, and ultimately. Solution B showed no gelatini- 
zation after 14 hours, even though Solutions B1 and B2 were mbced. In addition, when slab-type electrophoresis 
gel plates were prepared from Solution A and Solution B, which had been prepared and stored under the same 

30 conditions, the gel plates prepared from Solution A 6\6 not show any effects due to the elapsed tin^, while the 
gel plates from Solution B gave a stringy appearance as a whole as the time elapsed, producing strains on 
phoresis images. 
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TABLE 2 


Elapsed Time 

(hours) 0 1 4 8 12 24 


Gelatinized Solution 35 34 35 33 34 35 
Time A 
io ( minutes ) . 

Solution 35 30 30 45 80 -* 

B 


15 

Note: "Solution A** was formulated with a mixing ratio of 
A1:A2:A3 = 3:3:2, while "Solution B- was formulated with a 
mixing ratio of B1:B2 = 3:1, at every elapsed time, to 
prepare gel-fozming solutions containing 10% acrylamide. 

20 

* Solution B was not gelatinized at 24 hours or later. 


As illustrated above, the process of this Invention can avoid changes in the catalyst activity due to inter- 
25 actions between a peroxide and a reducing agent so that the target gels can always be produced under con- 
sistent polymerization conditions, with a good reproducibility. Furthermore, the solutions once prepared can 
be used continually or kept stored over a long period of time. 

Example 2 

30 

Gel-forming Solutions A (A1 -A3) of the present invention were prepared according to the formulations giv- 
en in Table 1, and the solutions were served for producing slab-type electrophoresis gel plates using an equlp- 
ntent shown in Figure 1 by changing the flow ratio as shown In Figures 4-6. The gel plates thus prepared ware 
subjected to SDS-potyacrylamide gel electrophoresis according to a known reference on electrophoresis using 

35 a mixture of proteins whose nralecular weights were known, as a molecular-weight marker. The electroptioresis 
images obtained in this test are presented in Figures 7-9. According to the process of this invention, any gels 
with a desired gel concentration or a desired concentration gradient can be produced by simply changing the 
mbcing pattern of three solutbns. This versatility Is quite advantageous for preparing many kinds of products 
without complicated procedure changes. 

40 High quality potyacrylamide gel plates for electrophoresis, which are useful for analysis of high nfK>lecular 
weight in vhfo components typified by proteins, can be prepared in large quantities with a good reproduclblity 
by the process of this inventk)n. This is not only advantageous for the productton of various gels with different 
gel concentrettons or different concentration gradients, but also serves for Improving the productivity of multi- 
products manufecturtng. 

45 Obviously, numerousmodificationsandvarlattons of the present invention are possible In light of the above 
teachings. It is therefore to t>e underatood that within the scope of the appended claims, the invention may 
be practiced other than as specifically described herein. 


so Claims 

1. A process for preparing a polyacrylamidegel plate for electrophoresis having a desired concentration com- 
prising, 

mbdng an acrylamid monomer sduti n with a high concentratton, a peroxMe solution with a low 
S5 concentration, and a reducing ag nt solutton with a low concentration, at an arbitrary ratio, and 

introducing said mixture into a g ^supporter. 

2. A process according to Claim 1, wh rein th concentratfon of said acrylamide monomer solution, which 
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is th sum of the acrylamid monomer and the cross-linking ag nt, is in th range of 20-50% by weight, 
and the concentrations of said peroxid solution and said reducing ag nt solution ar respectlv ly 0.005- 
1.0% by w ight 

A process according to Claim 1, wherein said desired concentration is in the range of 2-50 w/v%. 

A process according to Claim 1, wherein said acrylamide monomer solution, peroxide solution, and re- 
ducing agent solution are mixed together at a time. 

A process according to Qaim 1. wherein said mixing of the acrylamide monomer solution, peroxide sol- 
ution, and reducing agent solution is implemented simultaneously by a computer control system. 

A process according to Claim 1 . wherein said gel plate has a plurality of concentrations or a concentration 
gradient 
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